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Abstract
To investigate the applicability of ERA5 reanalysis precipitation data over
China, using daily precipitation data from 728 stations nationwide as refer-
ence, we analyzed the accuracy of ERA5 reanalysis precipitation data across
different temporal scales (monthly, seasonal), different climate zones, and
different altitude gradients, as well as the capability of ERA5 reanalysis
data to characterize heavy rainfall and drought events, by employing Pearson
correlation coefficient, root mean square error, mean absolute error, probability
of detection, false alarm rate, and equitable threat score. The results indicate
that the capability of ERA5 precipitation data to identify daily precipitation
events exhibits spatial and temporal variations. Overall: the accuracy is
highest in the north temperate zone; lower in summer and autumn compared
to winter and spring; and lower in areas with altitude >500 m than in areas
with altitude $�$500 m. When identifying heavy rainfall events, ERA5 data
shows considerable bias compared to station observations, and the larger the
threshold (i.e., the more intense the heavy rainfall), the greater the bias. The
accuracy of Standardized Precipitation Index (SPI) calculated from ERA5
varies across different timescales, with the 3-month SPI showing the highest
accuracy. When identifying drought events, the lower the threshold (i.e., the
more severe the drought), the larger the error. This study can provide reference
for the application scope and methodology of ERA5 precipitation data and
help analyze uncertainties in related research.

Full Text
Abstract
To investigate the applicability of ERA5 reanalysis precipitation data in China,
daily precipitation data from 728 meteorological stations nationwide were used
as reference. The accuracy of ERA5 reanalysis precipitation data was analyzed
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across different time scales (monthly, seasonal), climate zones, and elevation gra-
dients using Pearson correlation coefficient (r), root mean square error (RMSE),
mean absolute error (MAE), probability of detection (POD), false alarm rate
(FAR), and equitable threat score (ETS). Additionally, the capability of ERA5
data to characterize heavy rain and drought events was evaluated. The re-
sults demonstrate that the ability of ERA5 precipitation data to identify daily
precipitation events varies both spatially and temporally. Among all climate
zones, the north temperate zone exhibits the highest accuracy. The precision
is lower in summer and autumn compared to winter and spring. The accuracy
of ERA5 data in areas above 500 m elevation is lower than in areas below 500
m. When identifying heavy rain events, ERA5 data shows substantial devia-
tion from station observations, with larger thresholds (i.e., stronger heavy rain)
corresponding to greater deviations. The accuracy differs among standardized
precipitation indices (SPI) calculated from ERA5 data at various time scales,
with the 3-month SPI showing the highest precision. For drought event iden-
tification, lower thresholds (i.e., more severe drought) yield larger errors. This
study provides references for the application scope and methods of ERA5 pre-
cipitation data, and helps analyze uncertainties in related research.

Keywords: ERA5 data; precipitation; heavy rain; drought

Introduction
Precipitation is a crucial climate variable closely related to water resources, agri-
cultural production, and economic development. Understanding precipitation
quantity, frequency, spatial distribution, and trends is essential for rational wa-
ter resource utilization and agricultural strategy formulation. However, many
remote or economically underdeveloped regions lack meteorological stations [1-
2]. Spatial interpolation of limited station precipitation data often yields large
errors. Consequently, many scholars use atmospheric reanalysis precipitation
data for related studies, such as analyzing precipitation spatiotemporal charac-
teristics, extracting rainstorm and flood events, and driving crop models [3-5].
Nevertheless, atmospheric reanalysis data is a product of merging numerical
forecast products with observations, and errors in forecast products, observa-
tion data, and assimilation methods all affect reanalysis climate data quality
[6]. The accuracy of reanalysis data products directly influences the uncertainty
of related studies. Against the backdrop of climate change, studies using re-
analysis data to drive various models for simulating climate change impacts are
increasing, making verification and evaluation of reanalysis data accuracy both
necessary and urgent [7].

ERA5 is the fifth-generation reanalysis product released by the European Centre
for Medium-Range Weather Forecasts (ECMWF) after ERA-Interim, providing
extensive marine climate and hourly climate variables. The data cover the globe
on a 0.25°$×$0.25° grid, with the dataset containing 240 parameters that pro-
vide numerous hourly atmospheric, land, and ocean climate variables. Based
on improved three-dimensional variational techniques, this data features high
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spatiotemporal resolution, rapid updates, and numerous parameters, attract-
ing widespread attention. Studies indicate that ERA5 shows significant im-
provement over ERA-Interim [8-9]. For example, Graham et al. [10] found that
ERA5 temperature and snowfall data in the Arctic region show improvement
over ERA-Interim; Betts et al. [11] evaluated ERA5 hourly climate station data
for temperature, wind speed, precipitation, and longwave/shortwave downward
radiation flux over the Canadian Prairies, revealing substantial quality improve-
ment in temperature data but poor wind speed quality, with precipitation and
radiation flux similar to ERA-Interim. Hénin et al. [12] assessed ERA5 daily
precipitation data at 0.25° resolution, finding major improvements over ERA-
Interim, though significant errors remain in convection-dominated regions.

Many researchers have evaluated the suitability of this dataset in different re-
gions. For instance, Nogueira [13] used the Global Precipitation Climatology
Project (GPCP) dataset to validate monthly ERA5 precipitation, finding that
ERA5 generally overestimates precipitation in most tropical regions, with biases
typically lower than ERA-Interim except over tropical oceans and the Himalayas.
Xu et al. [14] evaluated multiple precipitation datasets including ERA5 in the
Assiniboine River Basin, finding that ERA5 substantially overestimates spring
precipitation in the region. Amjad et al. [15] assessed ERA5 precipitation accu-
racy using 70 ground meteorological stations, revealing that ERA5 overestimates
precipitation in relatively humid and complex terrain regions, with wet biases
reaching 0.5 mm・d−1.

Overall, existing suitability analyses of ERA5 precipitation data often focus
on overall correlation and deviation between reanalysis products and actual
observations [16,22,24,26], with few analyses of simulation accuracy for extreme
climate events (e.g., heavy rain). Among the limited analyses targeting extreme
events, typical meteorological disaster events are often selected for evaluation,
which is not comprehensive enough. For example, Jiang et al. [27] analyzed the
accuracy of ERA5 precipitation data in simulating extreme precipitation during
22 typhoon events using China Meteorological Administration station data.

Data and Methods
Data Sources

This study utilized three datasets: (1) ERA5 reanalysis precipitation data from
the European Centre for Medium-Range Weather Forecasts (ECMWF); (2) the
China Meteorological Administration’s national ground meteorological station
daily precipitation dataset (V3.0) from the Meteorological Information Center;
and (3) China’s climate zoning map from the Resource and Environmental
Science and Data Center. Daily precipitation data from 2008-2017 were used.
No stations are available in the mid-tropical and south-tropical zones, so these
two regions were excluded from the climate zone analysis.
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Evaluation Methods

Based on the latitude and longitude of each meteorological station, the cor-
responding ERA5 grid cell was identified and daily precipitation values were
extracted to calculate monthly total precipitation and standardized precipita-
tion index (SPI). The evaluation metrics can be divided into two categories: (1)
indices measuring correlation and difference between ERA5 and observed pre-
cipitation data, including Pearson correlation coefficient (r), RMSE, and MAE.
The r reflects consistency between station measurements and ERA5 data; RMSE
evaluates overall error level and fluctuation degree of ERA5 precipitation se-
ries; MAE assesses average absolute deviation between ERA5 and station data.
(2) Indices measuring the capability to capture precipitation, heavy rain, and
drought events, including POD, FAR, and ETS. POD represents the probabil-
ity of correctly detected precipitation events among all observed events; FAR
indicates the proportion of falsely detected events among all detected events;
ETS reflects the comprehensive detection accuracy of precipitation across dif-
ferent spatiotemporal scales. Calculation formulas and optimal values for these
metrics are shown in Table 1.

The specific analysis process is as follows: (1) Using the above metrics,
the overall accuracy of ERA5 daily precipitation data across China
was first evaluated, where r, RMSE, and MAE reflect overall consis-
tency and difference between datasets, while POD, FAR, and ETS
reflect the reliability of precipitation events identified by ERA5 data.
Precipitation events are defined as days with precipitation $�0.1𝑚𝑚 ·
𝑑{-1}.(2)𝑁𝑒𝑥𝑡, 𝑡ℎ𝑒𝑟, 𝑅𝑀𝑆𝐸, 𝑀𝐴𝐸, 𝑃𝑂𝐷, 𝐹𝐴𝑅, 𝑎𝑛𝑑𝐸𝑇 𝑆𝑜𝑓𝐸𝑅𝐴5𝑎𝑛𝑑𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑𝑝𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑑𝑎𝑡𝑎𝑤𝑒𝑟𝑒𝑎𝑛𝑎𝑙𝑦𝑧𝑒𝑑𝑎𝑐𝑟𝑜𝑠𝑠𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡𝑚𝑜𝑛𝑡ℎ𝑠, 𝑠𝑒𝑎𝑠𝑜𝑛𝑠, 𝑐𝑙𝑖𝑚𝑎𝑡𝑒𝑧𝑜𝑛𝑒𝑠, 𝑎𝑛𝑑𝑒𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛𝑠.𝑆𝑒𝑎𝑠𝑜𝑛𝑠𝑤𝑒𝑟𝑒𝑑𝑒𝑓𝑖𝑛𝑒𝑑𝑎𝑠𝑠𝑝𝑟𝑖𝑛𝑔(𝑀𝑎𝑟𝑐ℎ − 𝑀𝑎𝑦), 𝑠𝑢𝑚𝑚𝑒𝑟(𝐽𝑢𝑛𝑒 − 𝐴𝑢𝑔𝑢𝑠𝑡), 𝑎𝑢𝑡𝑢𝑚𝑛(𝑆𝑒𝑝𝑡𝑒𝑚𝑏𝑒𝑟 − 𝑁𝑜𝑣𝑒𝑚𝑏𝑒𝑟), 𝑎𝑛𝑑𝑤𝑖𝑛𝑡𝑒𝑟(𝐷𝑒𝑐𝑒𝑚𝑏𝑒𝑟 − 𝐹𝑒𝑏𝑟𝑢𝑎𝑟𝑦).𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡𝑠𝑤𝑒𝑟𝑒𝑠𝑒𝑡𝑎𝑠0 − 200𝑚, 200 − 500𝑚, 𝑎𝑛𝑑 > 500𝑚, 𝑤𝑖𝑡ℎ𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑐𝑜𝑢𝑛𝑡𝑠𝑜𝑓157, 271, 𝑎𝑛𝑑300𝑟𝑒𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒𝑙𝑦.(3)𝑇 ℎ𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝑜𝑓𝐸𝑅𝐴5𝑝𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑑𝑎𝑡𝑎𝑡𝑜𝑖𝑑𝑒𝑛𝑡𝑖𝑓𝑦ℎ𝑒𝑎𝑣𝑦𝑟𝑎𝑖𝑛𝑒𝑣𝑒𝑛𝑡𝑠𝑤𝑎𝑠𝑡ℎ𝑒𝑛𝑎𝑠𝑠𝑒𝑠𝑠𝑒𝑑.𝐹𝑜𝑙𝑙𝑜𝑤𝑖𝑛𝑔𝑡ℎ𝑒𝐶ℎ𝑖𝑛𝑎𝑀𝑒𝑡𝑒𝑜𝑟𝑜𝑙𝑜𝑔𝑖𝑐𝑎𝑙𝐴𝑑𝑚𝑖𝑛𝑖𝑠𝑡𝑟𝑎𝑡𝑖𝑜𝑛′𝑠𝑑𝑒𝑓𝑖𝑛𝑖𝑡𝑖𝑜𝑛, ℎ𝑒𝑎𝑣𝑦𝑟𝑎𝑖𝑛𝑤𝑎𝑠𝑐𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑒𝑑𝑖𝑛𝑡𝑜𝑡𝑤𝑜𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑖𝑒𝑠 ∶ ℎ𝑒𝑎𝑣𝑦𝑟𝑎𝑖𝑛(50 − 100𝑚𝑚 · 𝑑{-
1})𝑎𝑛𝑑𝑡𝑜𝑟𝑟𝑒𝑛𝑡𝑖𝑎𝑙𝑟𝑎𝑖𝑛(�100𝑚𝑚 · 𝑑^{-1}$). (4) Finally, the accuracy of SPI
calculated from ERA5 precipitation data at different time scales (1, 3, 6,
and 12 months) was evaluated. Using the 3-month SPI as an example and
referencing the “Meteorological Drought Grade GB/T20481-2017”standard,
different drought grades were identified using various thresholds (Table 2), and
the capability of ERA5 to characterize drought events was assessed using POD,
FAR, and ETS.

Results
Overall Accuracy of ERA5 Precipitation Data

Figure 2 shows the spatial distribution of evaluation metrics for ERA5 precipi-
tation data across 728 stations. The results indicate spatial variations in accu-
racy. Areas with larger r and smaller RMSE/MAE represent higher precision.
Nationally, 83.6% of stations have r>0.5, 53.3% have POD>0.80, 51.9% have
FAR<0.50, 46.9% have ETS>0.25, and 39.6% have MAE<2 mm・d−1. RMSE
ranges from 2.466 to 8.071 mm・d−1, and MAE ranges from 1.013 to 3.140
mm・d−1. Overall, ERA5 can effectively detect precipitation across China, with
better detection capability in eastern regions than western regions.
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Accuracy Across Months and Seasons

Figure 3 presents the accuracy of ERA5 daily precipitation across different
months and seasons. Monthly precipitation r ranges from 0.482 to 0.542, RMSE
from 2.232 to 8.530 mm・d−1, and MAE from 0.945 to 3.438 mm・d−1. Seasonal
precipitation r ranges from 0.488 to 0.525, RMSE from 1.825 to 11.746 mm・d−1,
and MAE from 0.619 to 4.913 mm・d−1. Substantial seasonal differences exist,
with lower accuracy in summer and autumn compared to winter and spring.

Accuracy Across Climate Zones and Elevation Gradients

Figure 4 shows validation results across different climate zones and elevation
gradients. For daily precipitation across climate zones, r ranges from 0.437 to
0.587, RMSE from 1.825 to 11.746 mm・d−1, and MAE from 0.619 to 4.913
mm・d−1. The north temperate zone shows the highest accuracy (r=0.587,
RMSE=4.040 mm・d−1, MAE=1.472 mm・d−1). The south subtropical and
north subtropical zones show the smallest r range. Across elevation gradients,
the lowest accuracy occurs at elevations >500 m (r=0.487, RMSE=5.157 mm・
d−1, MAE=2.126 mm・d−1), while the 0-200 m elevation band shows the highest
accuracy (mean RMSE=3.188 mm・d−1).

Accuracy for Heavy Rain Event Identification

Figure 5 shows the accuracy of ERA5 for heavy rain identification. For the 50
mm・d−1 threshold, 51.9% of stations have POD>0.1, 53.7% have FAR>0.75,
and 46.9% have ETS>0.1. High POD values are mainly concentrated in eastern
China (southern mid-temperate zone, south temperate zone, north subtropical
zone, eastern mid-subtropical zone, and eastern south subtropical zone). High
FAR values are concentrated in the eastern mid-temperate zone, western south
temperate zone, and western mid-subtropical zone, indicating high false alarm
rates in these regions. Overall, ERA5 captures heavy rain events best in south-
eastern China (north subtropical, eastern mid-subtropical, and eastern south
subtropical zones). For the 100 mm・d−1 threshold, only 23.6% of stations have
POD>0.1 and 72.9% have FAR>0.75, indicating poorer identification capability
for more extreme heavy rain events, though the spatial patterns are similar.

Accuracy for Drought Event Identification

Figures 6-9 show validation results for SPI calculated from ERA5 precipitation
data. Different SPI time scales represent droughts of different durations: SPI1
indicates monthly drought, SPI3 quarterly drought, SPI6 half-year drought, and
SPI12 annual drought. Accuracy varies by time scale, with SPI3 showing the
highest precision overall. The spatial distribution patterns of r, RMSE, and
MAE are similar across time scales, with r values higher in eastern regions and
lower in the Qinghai-Tibet region.

When identifying drought events using different thresholds, lower thresholds
(i.e., more severe drought) yield poorer identification results. For threshold=-
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0.5, the mean POD, FAR, and ETS values across climate zones are 0.61, 0.32,
and 0.29 respectively. For threshold=-1.0, the values are 0.51, 0.40, and 0.20;
for threshold=-1.5, 0.44, 0.46, and 0.15; and for threshold=-2.0, 0.38, 0.50, and
0.11. ERA5 shows better drought capture capability in the north temperate,
south temperate, and north subtropical zones, with higher FAR values in the
plateau climate zone, mid-subtropical zone, and north tropical zone indicating
more false alarms.

Discussion
ERA5 is ECMWF’s latest reanalysis product, and its precipitation data can
provide inputs for analyzing precipitation spatiotemporal characteristics, ex-
tracting rainstorm and flood events, and driving crop, hydrological, and land
surface models. This study, using daily precipitation data from the National
Meteorological Information Center as reference, is the first comprehensive anal-
ysis of ERA5 accuracy in China focusing on extreme climate events (heavy rain
and drought). As climate change increases the frequency of extreme events
with numerous negative impacts and economic losses, reliable data products
reflecting extreme conditions are essential for impact assessment and adapta-
tion strategy development. However, previous climate data product accuracy
analyses have largely ignored extreme event capture capability. This study fills
this gap, expands the perspective of climate dataset validation, and provides
methodological references for similar research.

The study reveals that ERA5 accuracy varies across climate zones, seasons, and
elevation gradients. ERA5 can effectively characterize 3-month SPI drought but
shows poorer performance for more severe droughts. Overall, ERA5 simulates
precipitation better in eastern than western China, consistent with Cheng et al.’
s findings [28]. Accuracy is lower in summer and autumn than in winter and
spring, aligning with previous reanalysis precipitation studies [16,28-30]. ERA5
shows strongest capability for depicting heavy rain in southeastern China.

Several factors explain regional accuracy differences. First, as reanalysis data,
ERA5’s accuracy is affected by input data quality and assimilation algorithms
[6]; regions with sparse observations or low-quality input data produce lower-
quality reanalysis products. Second, precipitation has strong local character-
istics, and ERA5’s 0.25°$×$0.25° grid represents area-averaged precipitation
while station data represent point measurements, creating scale mismatches.
Direct comparison introduces errors, particularly in areas with complex terrain
where precipitation varies greatly over small distances.

This study has limitations. First, uneven national station distribution leads to
varying station densities across climate zones and elevation gradients, with most
stations in eastern and low-elevation regions, potentially biasing validation re-
sults in data-sparse areas. Second, ERA5’s 0.25° resolution reflects grid-cell
average precipitation while station data represent local conditions, and precipi-
tation can vary substantially over small areas, particularly in complex terrain,
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introducing comparison errors.

Conclusions
Using station observations as reference, this study analyzed ERA5 reanalysis
precipitation data accuracy across different time scales (monthly, seasonal), cli-
mate zones, and elevation gradients, and evaluated its capability to characterize
heavy rain and drought events. The main conclusions are:

1. ERA5 precipitation data shows spatial and temporal differences in iden-
tifying daily precipitation events. Among eight climate zones, the north
temperate zone has the highest accuracy, with r, RMSE, and MAE val-
ues of 0.587, 4.040 mm・d−1, and 1.472 mm・d−1 respectively. Accuracy is
lower in areas above 500 m elevation than below 500 m. Seasonal accuracy
is higher in winter and spring than in summer and autumn.

2. When identifying heavy rain events, ERA5 data deviates substantially
from station observations, with larger thresholds (i.e., stronger heavy rain)
showing greater deviations. Overall, ERA5 captures heavy rain events
best in southeastern China (north subtropical, eastern mid-subtropical,
and eastern south subtropical zones).

3. The accuracy of SPI calculated from ERA5 precipitation data varies by
time scale, with 3-month SPI showing the highest precision. When iden-
tifying drought events, lower thresholds (i.e., more severe drought) yield
larger errors. Overall, ERA5 shows better drought capture capability in
the north temperate, south temperate, and north subtropical zones.

These findings provide references for researchers considering whether to use
ERA5 data, which regions to use it in, and what analyses to perform, thereby
helping evaluate uncertainties in related studies.
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